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atural history of idiopathic scoliosis
a  b  s  t  r  a  c  t
Introduction:  To  date  there  is no  consensus  on  therapeutic  indications  in  adolescent  idiopathic  scoliosis
(AIS)  with  curvature  between  30◦ and  60◦ at the  end  of  growth.
Objective:  The  objective  of this  study  was to assess  outcome  in  patients  with  moderate  AIS.
Material and  methods:  A multicenter  retrospective  study  was  conducted.  Inclusion  criteria  were:  Cobb
angle, 30–60◦ at end  of growth;  and  follow-up  > 20  years.  The  data  collected  were  angular  values  in
adolescence  and  at last  follow-up,  and  quality  of life  scores  at  follow-up.
Results:  A  total  of 258  patients  were  enrolled:  100  operated  on in  adolescence,  116 never  operated  on,
and  42  operated  on in  adulthood.  Mean  follow-up  was  27.8  years.  Cobb  angle  progression  signiﬁcantly
differed  between  the  3 groups:  3.2◦ versus  8.8◦ versus  23.6◦, respectively;  P < 0.001.  In lumbar  scoliosis,
the risk  of progression  to ≥  20◦ was  signiﬁcantly  higher  for initial  Cobb  angle  > 35◦ (OR  = 4.278,  P =  0.002).
There  were  no  signiﬁcant  differences  in quality  of  life  scores.
Discussion:  Patients  operated  on  in adolescence  showed  little  radiological  progression,  demonstrating
the  efﬁcacy  of  surgical  treatment  for curvature  greater  than 50◦. Curvature  greater  than  40◦ was  progres-
sive  and  may  require  surgery  in  adulthood.  Lumbar  scoliosis  showed  greater  potential  progression  than
thoracic  scoliosis  in  adulthood,  requiring  fusion  as of  35◦ angulation.
Level  of evidence:  IV,  retrospective  study.
©  2015  Elsevier  Masson  SAS.  All  rights  reserved.. IntroductionThe natural evolution of adolescent idiopathic scoliosis (AIS) is
nclear for Cobb angles between 30◦ and 60◦ in adolescence, and
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877-0568/© 2015 Elsevier Masson SAS. All rights reserved.there is no consensus as to indications, which range from simple
surveillance to surgery.
Short-term results of operated AIS have been reported in
many studies and tend to be good [1–4]. However, there have
been few studies of long-term evolution, and fewer reporting
long-term radiological and clinical results [2,5]. Moreover, there
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The present study consisted in radiological and clinical assess-
ent of patients with moderate AIS at 20 years’ follow-up and
ompared results according to treatment at end of growth.
. Material and methods
A retrospective multicenter cohort study gathered data from 11
enters in 9 French cities. Minimum follow-up was 20 years.
Inclusion criteria were: single-curve idiopathic (Lenke 1 or 5),
uvenile 3 or adolescent scoliosis, with Cobb angle between 30◦
nd 60◦ at diagnosis. Operated patients were included only when
reated according to the principles of multi-level osteosynthesis.
or patients not operated on in adolescence, minimum follow-up
as 20 years after bone maturity (at 16 years).
Exclusion criteria were: non-idiopathic scoliosis, infantile or
uvenile 1 and 2 scoliosis, other forms of AIS (Lenke 2, 3, 4 or 6),
ack of written or radiographic data enabling quantiﬁcation of sco-
iosis at end of growth, and fusion not adhering to the principles of
ulti-level osteosynthesis.
At end of recruitment, patients were classiﬁed according to
reatment at end of follow-up:
group 1: surgical management in adolescence;
group 2: non-operative management in adolescence:
◦ group 2A: no surgery in adulthood,
◦ group 2B: surgery in adulthood.
Recruitment used the databases of surgical centers (group 1), or
f rehabilitation centers and pediatric consultation (parents of chil-
ren followed for AIS) or adult spine surgery consultation (group
).
Data for adolescence were: age at diagnosis, pre- and post-
perative Cobb angle (for group 1), Cobb angle at bone maturity,
nd Lenke type. Due to lack of general availability, adolescent lateral
adiographs were not analyzed.
End of follow-up data were: age, number and types of surgi-
al procedures since end of growth, Cobb angle, T4-T12 thoracic
yphosis, L1-L5 lumbar lordosis, and pelvic incidence. Two quality-
f-life scores (SRS-22 [6] and the Oswestry Disability Index [7])
ere analyzed; quality-of-life questionnaires dated from last
ollow-up, (i.e., remote from treatment).
A total 258 patients were included: mean age, 49 ± 13.7 years;
ean follow-up, 27.8 ± 9.4 years (Table 1).
able 1
adiographic data for the 258 patients included.
Group 1 (n = 100) Gr
2A
Data in adolescence
Age at diagnosis (years) 13.2 (2.2) 12
Preoperative Cobb angle (◦) 51.9 (11.8) – 
Cobb  angle at bone maturity (◦) 25.3b (11.5) 36
% reduction 50.3 (22) – 
Data  in adulthood
Age (years) 41.6 (5) 53
Follow-up (years) 24.4 (3.4) 33
Cobb  angle (◦) 28.1 (12.5) 45
Mean loss (◦) 3.2 (5.9) 8.8
T4-T12 kyphosis (◦) 34.7 (18.1) 37
L1-S1  lordosis (◦) 54 (14.9) 50
Pelvic  incidence (◦) 58.3 (12.9) 58
a Comparison of means (Student t test) found signiﬁcant differences between all group
b Postoperative Cobb angle.
c In patients operated on in adulthood, the Cobb angle for analysis was the immediate  Surgery & Research 101 (2015) 619–622
• group 1: 100 patients; mean age, 41.6 years (range, 34–66
years); mean follow-up, 24.4 years (range, 20–51 years);
• group 2: 158 patients:
◦ group 2A: 116 patients; mean age, 53.6 years (range, 36–72
years); mean follow-up since bone maturity, 33.5 years (range,
20–55 years);
◦ group 2B: 42 patients; mean age, 56.5 years (range, 36–81
years); mean follow-up since bone maturity, 26.3 years (range,
20–51 years).
Data were formulated as means, ranges and standard devia-
tions. Comparison of means used the Student t-test for normally
distributed variables, or otherwise non-parametric Wilcoxon test.
For qualitative data, the Pearson Chi2 test was  used. The signiﬁcance
threshold was  set at P < 0.05.
3. Results
3.1. Analysis according to treatment
In group 1 (operated on during adolescence), vertebral fusion
involved a mean 9.7 levels (range, 4–17 levels; SD, 2.6). L5 or the
pelvis was  included in 4 cases (4%). Three patients (3%) underwent
surgical revision during the ﬁrst 2 years, for early complications
(2 infections and 1 material breakage); 7 (7%) underwent surgical
revision in adulthood for failure of primary fusion and assembly
extension, and 3 (3%) for non-scoliotic spinal surgery. The overall
complications rate was 10%.
In group 2A (never operated on), no complementary treatments
were implemented.
In group 2B (operated on in adulthood), mean Cobb angle pro-
gression was  23.3◦ at a mean of 26.3 years’ follow-up. Mean age at
fusion was 40.6 years (range, 20–59 years; SD, 9.5). Fusion involved
a mean of 10.7 levels (range, 3–16 levels; SD, 2.5): i.e., a signiﬁ-
cantly larger number of levels in patients operated on in adulthood
(10.7 vs. 9.7; P = 0.03). In 16 cases (38%), fusion included L5 or the
pelvis: i.e., a signiﬁcantly greater risk of fusion including L5 or the
pelvis in patients operated on in adulthood (OR = 13.7; P < 0.001).
3.2. Analysis according to Lenke type
Sixty-two of the patients managed non-operatively in adoles-
cence (group 2), presented Lenke type 1. Seventeen of these had
Cobb angle > 45◦ in adolescence. At last follow-up, 18 patients
showed > 20◦ progression in Cobb angle, 8 of whom had had
Cobb angle > 45◦ in adolescence. The increased risk of > 20◦
oup 2 (n = 158) P
 (n = 116) 2B (n = 42)
.6 (2.1) 12.8 (2) NS
– – – –
.5 (11.7) 45 (10) P < 0.001a
– – – –
.6 (16.6) 56.5 (12.5)
.5 (11.1) 26.3 (7.9)
.2 (16.6) 66.8c (23.9) P < 0.001a
 (9.4) 23.3 (10.8) P < 0.001a
 (16.9) 28.9 (12.5) NS
.5 (18.7) 43.3 (13.7) NS
.2 (14.6) 56.3 (14.5) NS
s (1 vs. 2A, 1 vs. 2B and 2A vs. 2B).
preoperative value.
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Table  2
Comparison between patients not operated on in adolescence according to Lenke type.
Lenke 1 Lenke 5 P
(n = 62) (n = 96)
Cobb angle in adolescence (◦) 41.3 39.3 NS
Follow-up (years) 29 32 NS
Cobb  angle at last follow-upa (◦) 45.2 52.8 0.044
Mean  loss (◦) 9.7 16.1 0.011
T4-T12  kyphosis (◦) 36.4 33.9 NS
L1-L5  lordosis (◦) 51.1 46.9 NS
Operated on in adulthood (n [%]) 16 (25.8) 26 (27.8) P = 0.859 OR = 1.068
The proportion of patients operated on in adulthood was not signiﬁcantly higher in Lenke
a In patients operated on in adulthood, the Cobb angle for analysis was the immediate 
Table 3
Radiographic data according to curve location (mean values).
Lenke 1 Lenke 5 P
Group 1 (n = 59) (n = 41)
Cobb angle in adolescence (◦) 52.2 51.8 NS
Follow-up (years) 25.5 24.4
Cobb angle at follow-up (◦) 27.4 29
Mean loss 3.7 2.7
Group 2A (n = 46) (n = 70)
Cobb angle in adolescence (◦) 37.5 36.5 NS
Follow-up (years) 31.5 34.9
Cobb angle at follow-up (◦) 43.8 46.7
Mean loss 7 10.2
Group 2B (n = 16) (n = 26)
Cobb angle in adolescence (◦) 47.9 43.4 NS
Follow-up (years) 25.6 26.7 NS
Cobb angle at follow-upa (◦) 63.6 68.8 NS















ga In patients operated on in adulthood, the Cobb angle for analysis was  the imme-
iate preoperative value.
ggravation of thoracic scoliosis with initial Cobb angle > 45◦ was
on-signiﬁcant (OR = 3.11; P = 0.06) (Tables 2 and 3).
Group 2 included 96 patients with Lenke type 5. Fifty-ﬁve of
hese had Cobb angle > 35◦ in adolescence. At the last follow-up,
6 patients showed > 20◦ progression in Cobb angle, 28 of whom
ad had Cobb angle > 35◦ in adolescence. The increased risk of >
0◦ aggravation of thoracic scoliosis with initial Cobb angle > 35◦
as signiﬁcant (OR = 4.278; P = 0.002).
.3. Quality-of life scoresThere was no signiﬁcant difference in mean ODI between
roups. In the SRS 22, only the satisfaction subscore was  signiﬁ-
antly different (lower) in patients never operated on (3.4 vs. 4.1
group 1], and vs. 4.5 [group 2B]; P < 0.001) (Table 4).
able 4
ean SRS 22 subscores and total score at last follow-up according to treatment
roup.
Group 1 Group 2
2A 2B P
Function 3.7 3.9 3.5 NS
Pain 3.8 3.8 3.8 NS
Appearance 3.6 3.3 3.7 NS
Mental 3.4 3.5 3.2 NS
Satisfaction 4.1 3.4 4.5 1 vs. 2A. P < 0.001
1  vs. 2B. P = 0.411
2A vs. 2B. P < 0.001
Total 3.7 3.6 3.6 NS 5 than Lenke 1.
preoperative value.
In patients operated on in adolescence (group 1), quality-of-life
scores did not signiﬁcantly differ with inferior fusion level.
4. Discussion
The present study, to the best of our knowledge, represents
the largest AIS series at more than 20 years’ follow-up including
patients treated according to the principle of multi-level osteosyn-
thesis. It involves the biases intrinsic to any retrospective study
with long follow-up.
In patients operated on in adolescence (group 1), preopera-
tive Cobb angle was signiﬁcantly greater, whence the surgery in
adolescence. Postoperatively, mean correction was  50.3%. At last
follow-up, fusion showed stability over time, with a mean 3.2◦
correction loss. These ﬁndings are comparable to those of Daniels-
son and Nachemson [2] in a series of patients managed by the
Harrington technique. In the present series, however, sagittal bal-
ance, thoracic kyphosis and lumbar lordosis and its correlation
with pelvic incidence were nearly normal; in Danielsson’s study
[2], sagittal values at follow-up were lower, conﬁrming the supe-
riority of the multi-level technique in terms of sagittal correction
[8–10]. The lack of adolescent lateral radiographs in the present
study prevented comparison of these parameters between preop-
erative, postoperative and last follow-up time points.
In patients never operated on (group 2A), Cobb angle was sig-
niﬁcantly smaller than in the other 2 groups. Less severe curves
appeared stable, with only 8.8◦ progression at 33 years’ follow-up.
Surgery would thus seem not to be indicated in 30–40◦ curvature,
this type of scoliosis showing little progression.
In patients operated on in adulthood (group 2B), when Cobb
angle exceeded 40◦ at end of growth deformity was progressive,
with an increase of 23.3◦ in Cobb angle over 26 years’ follow-up.
Moreover, the number of levels treated and the risk of L5 or the
pelvis being included in fusion were signiﬁcantly greater in fusion
performed in adulthood. The literature reports 2 to 3-fold greater
morbidity and a revision risk of nearly 20% in the ﬁrst 6 years
in fusion performed in adulthood [11,12]. These two arguments
combine to indicate surgical management of AIS.
Analysis by curve type found Lenke 5 scoliosis, despite initially
lesser angulation, to show signiﬁcantly greater progression than
Lenke 1, in agreement with Guillaumat [13]. In group 2B (operated
on in adulthood), the proportion of Lenke 5 cases was  almost 65%.
The risk of > 20◦ progression during natural evolution of lumbar
scoliosis was signiﬁcantly greater in case of curvature exceeding
35◦.
Quality of life scores in group 1 (operated on in adolescence) tes-
tiﬁed to good functional outcome at more than 20 years’ follow-up;
in group 2A, likewise, quality of life scores approximated general
population values. These ﬁndings agree with the literature [1]. In
the present series, ODI and SRS 22 total scores did not differ accord-
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ntroduced an interpretation bias here, especially in group 2B,
here adult preoperative functional assessment would be needed.
RS 22 satisfaction subscores were signiﬁcantly better in patients
perated on in adolescence than in those managed by brace; this
s in agreement with Danielsson et al. [1], conﬁrming adolescents’
verall negative experience of non-operative treatment.
. Conclusion
Vertebral fusion in adolescence provided good-quality coronal
orrection that was stable over time. Quality of life was  comparable
o that of the general population, more than 20 years post-surgery.
Lumbar and thoracolumbar scoliosis may  be strongly progres-
ive after skeletal maturity, arguing for more aggressive man-
gement during adolescence. Signiﬁcant deterioration occurred
hen lumbar curvature exceeded 35◦; no such threshold could be
iscerned for thoracic curvature. Other parameters, and notably
agittal balance, are relevant but were not assessed in the present
tudy.
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